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Abstract 
Mount Gamalama (hereafter Mt. Gamalama) is similar to conical strato volcano type that comprises entire 
Ternate Island, which is one of the ive volcanoes. Hence, evacuation route planning is needed to 
reduce the number of victims, unfortunately, the local government does not have it yet until today. This paper aims to 
analyze the evacuation route planning in Ternate Island in terms of Mt.Gamalama eruption. The result of this study 
discovered two types evacuation routes which are overland evacuation route is analyzed using network analysis 
method and marine evacuation route which is analyzed using trip frequency method to another islands surrounding 
Ternate Island by ferry.  
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1.    Background 
Indonesia lies among three actively moving plates, which are Indo-Australia shelf in the south, 
Euro-Asia in the north, and Pasific in the south. These plate tectonics creates 500 mountains, 129 of 
which  are still active [1]. Mt. Gamalama is located in Ternate Island-North Moluccas province, one of 
which has its explosive eruption, see Fig 1a. From its first eruption in 1538 to the latest one in 2011, 67 
eruptions have been recorded. According to the 2010 population census, there has been an 
increasing Ternate island population by 2.005% or about 3531 person per year.  
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Mt. Gamalama  strato eruption type is constructed from the pyroclastic material, creating lava flow 
to major rivers and spread all over Ternate Island region. As in the latest eruption on the 4 December 














Fig. 1. (a) Plate crust and volcano distribution in Indonesia; (b) Situation of the residence area on the disaster aftermath 
 
It is necessary to build evacuation routes immediately to move the people residing in the island to 
secure areas. Yet, the problem lies on the absence of evacuation route plan on the areas prone to the 
disaster. Thus, this research is to study evacuation routes planning that the accessibility aspect and 
infrastructure supporting the evacuation process are taken into account. 
 
2.     Methods  
 
 The shortest path analysis is used to plan quick, safe, and easy-to-access routes. In this research, 
Geographic Information System (GIS) is used to discover the shortest route. The shortest path analysis 
uses all-or-nothing method assuming that the selected or evacuation route planned has no burden for 
running into safety area process that the route network characteristic is determinant to the result of the 
analysis. The aspect considered in this analysis is the distance from origin area (damage area) to 
destination area (secure area). The road width and river distribution are the additional variables for the 


















Fig. 2.  Research scheme evacuation route planning 
346   Sitti Febriyani Syiko et al. /  Procedia Environmental Sciences  17 ( 2013 )  344 – 353 
Ternate Island is a small island with extensive area of 90.64 km2 where it is surrounded by sea. 
Hence, this phenomenon requires a marine evacuation route to other islands by ferry when the eruption 
occurs. This evacuation route analysis used a trip frequency. Trip frequency analysis is the number of sets 
of back-and-forth in a given frame of time [3]. The analysis is related to transport mode capacity use by 
considering population numbers, port distribution for shelters, then distance and time allocation for the 
ferry sailing, time estimation reaching Halmahera Island, Tidore Island, and Hiri Island as the refuges, see 
Fig 2. 
 
3.     Findings and Discussions 
 
3.1  Disaster-prone areas of Mt. Gamalama 
 
According to its geological condition and the possible risk during the eruption, the volcano prone to-
eruption area typology is divided into three in accordance with their both secondary and primary hazard 
of Mt. Gamalama eruption that it mainly comprises the outburst of volcanic bomb along with loose 
material followed by lava flow without eruption column. The primary hazards of Mt. Gamalama are the 
outburst of incandescent material from ash to rock size, lava flow, as well as eruption column 
(pyroclastic), while the mudflow is the secondary hazard. Despite the absence of pyroclastic in Mt. 
Gamalama eruption history, it is not impossible to happen that it is important to plan the mapping of the 
outburst impact [4]. 
 
The disaster-prone area (hereinafter DPA) of Mt. Gamalama is distributed into three categories as 
follow, see Fig 3 [4]: 
 DPA I is located along the basin and the downstream in the summit. The area has a low risk of the 
disaster. The residential area in DPA I covers Dufa-Dufa Tabam, Tubo, Kulaba, Bula, Tobololo, 
Takome, Loto, and Togafo Village (kelurahan). Volcanic ash in the radius of 4.5km covers all 
residential area in Ternate island which is located in the bottom slope of Mt. Gamalama Volcano. 
 DPA II is the area having the medium risk of the eruption hazard. The area covers river stream of 
Togorara, Kulaba, Sosoma, Ruba, Kelawa, Piatoe, Taduma, and Katela. It also covers some villages 
of Tubo, Tafure, Kulaba, Tobololo, Takome, and Loto. Furthermore, the coverage area for rock 
outburst and thick volcano ash is in the radius of 3.5 km from the eruption center. The residential 
areas covered are Foramadiyahi, Marikurubu, and Moya Village. Besides, Sasa, Ngade, Tabona, and 
Marikurubu have to be alerted from the outburst material. 
 DPA III is the area closest to the source of the danger of eruption column, incandescent rock 
outburst, and lava stream. In this zone, it is prohibited for residence and any cultivation, including 
River Piatoe, Tareba, Takome, Sosoma, Ruba, Kulaba, and Togorara. In the 2.5 km radius of area 
from the eruption center is the coverage area that is direct impacted from the incandescent rock 
crumbling. 
 
Thus, the mapping of the area based on the DPA of Mt. Gamalama in Ternate Island explained can 
be conducted that it is possible to know which areas are that are severely impacted. Then, from the DPA 
map, it is used as the input for evacuation route planning analysis. 
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Fig. 3.  Map of disaster prone area Mt. Gamalama 
 
3.2  Ternate Island Demographic 
 
Ternate Island is one of the islands in North Moluccas Province with the greatest number of 
populations. Ternate Island itself has four sub-districts (kecamatan): North Ternate, Central Ternate, 
South Ternate, and Ternate Island sub-district with 205,873 lives. 
 Table 1 shows three sub-districts having the high density and within the coverage of DPA: South 
Ternate, Central Ternate, and North Ternate sub-district, see Fig 4. Therefore, the population density of 
every district for marine evacuation route planning must be considered. Moreover, the high population 
density may create a higher level of susceptibility on disaster. 
 
 
Table 1. Population number and density 
 
Sub District Population Area (km2) Population Density 
people/ha 
Classification 
Ternate Island 15,116 37.23 4 Low 
South Ternate 78,739 16.98 46 High 
North Ternate 51,087 14.38 36 High 
Central Ternate 60,931 22.05 28 High 
Total 205,873 90.64 23 Medium 
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Fig. 4. Map of population density 
 
 
3.3  Overland Evacuation Route 
 
The variable of the overland evacuation route planning in Mt. Gamalama, considers road network, 
road width, the existence of river, as well as disaster-prone map of volcano eruption area. The analysis 
used is network analysis with application from GIS. The following is the mapping of transportation 
network system as well as the port used as the evacuation shelter and residential area in Ternate Island 
related to evacuation route, see Fig 5a and Fig 5b. 
Figure 5a shows that the road network in Ternate Island is selected by 4 m width dimension of local 
road that is functioned as the connecting route to every urban center, yet overall on the residential area in 
Ternate Island is connected through asphalt network road. Besides, with the existence of port as the 
shelter evacuation distributed in several locations in Ternate Island might accelerates the evacuation 
process when the eruption occurs. Figure 5b shows that most population resides in the DPA III. 
Therefore, evacuation route plan on the residential area is needed that it can improve the people alertness 
in dealing with the Mt Gamalama eruption. The evacuation route planning on the residential area having 






















Fig. 5. (a) Transportation system and port shelter map; (b) Disaster prone and residential area map 
 
Evacuation route planning is determined by several considerations and steps [5]: 
1. The 6 m standard road width is allowed to 4 m when smaller capacity is required.  
2. River stream that is one of DPA 
3. Transportation system identification used is based on field observation, so it can be determined the 
road used to evacuate and wide enough to accommodate refugees. 
4. Building the shortest and the nearest to the shelters. The route chosen must be the shortest to the safe 
































Fig. 6. Map of overland evacuation route macro 
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On Figure 6 the evacuation route map is derived from overlay mapping, which transportation 
systems see Fig 5a, residential area distribution map, see Fig 5b and disaster-prone map, see Fig 3. The 
map produced is in macro scale; all over Ternate Island. After determining the macro evacuation route, it 
is continued to overland evacuation covering Dufa-Dufa shelter, see Fig 7, Ahmad Yani shelter, see Fig 
8a and Bastiong shelter, see Fig 8b to produce more detailed map because the area is dominantly land use 
by residential area that has high population density.  
On Figure 7 describes that the evacuation process is directed to shelter in port Dufa-Dufa then 
continued to evacuate to Jailolo port, Halmahera Island. Besides, Dufa-Dufa shelter whose most of the 
area are included in DPA III and partly included in DPA II that is needed to plan detail evacuation route. 
On figure 8a it can be seen the shelters that cover areas with high population density and most part are 
occupied by residence, thus it requires detail evacuation to make it easy to evacuate to shelter in Ahmad 
Yani port. While figure 8b indicates that the evacuation route planning to Bastiong port is required 
because of DPA II with high population density. There are two evacuation routes: primary routes and 
secondary routes. Primary route is the accumulation of the secondary route with 5-6 m of average width, 




Fig. 7. Map of evacuation route micro Dufa-Dufa Shelter  
 




Fig. 8. (a) Map of evacuation route micro Ahmad Yani Shelter; (b) Map of evacuation route micro Bastiong Shelter 
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3.4  Marine Evacuation Route 
  
 Marine evacuation route analysis used a trip frequency method which counts the number of trips 
needed by to transport people from Ternate Island to the surrounding islands where safety area is located 
from the eruption impact. The evacuation destinations through marine route are, Hiri, Tidore, and 
Halmahera Island on two ports: Jailolo, and Sidangoli. Overland evacuation destination is located in five 
ports: Sulamadaha, Bastiong, Ahmad Yani, Jambula, and Dufa-Dufa. The routes taken from five ports 
are, see Fig 9: 
 Sulamadaha-Togolobe (Hiri Island) 
 Bastiong-Rum (Tidore Island)  
 Ahmad Yani-Sidangoli (Halmahera Island) 
 Jambula-Rum (Tidore Island) 
 Dufa-Dufa-Jailolo (Halmahera Island) 
(See Fig. 9 for Illustration and Table 2 for detail ferry trip frequency when emergency situation occured) 
   
The shelter used five ports as major ports and the routes have been determined by Sea transportation  
agency with the shortest route to the refuge sites in Hiri Island, Tidore Island and Halmahera Island. 
Besides, all those five ports have the accessibility to road infrastructure to support the evacuation. 
The number of population, travel time as well as evacuation priority can further be analyzed by a 
trip frequency that consider such aspects as boat capacity (2000 passengers per ferry) and the number of 
Indonesian Ferries Ternate Branch that has several ferries, operating in Moluccas marine daily.  
The formula used to calculate the number of ferry needed is the total population divided by ferry 
capacity, so it needs more ferries for marine evacuation purpose from Ternate Island. In the evacuation 

















Fig.9.  Map of marine evacuation routes 
 
Nowadays, 6 ferries are operated in Ternate Island for logistic and passenger transportation to other 
islands. Based on trip frequency analysis in emergency situation, the local government must preapare 30 
ferries to evacuate all people in the island requiring maximum 6 ferries each ports. The ferry utility for 
marine evacuation is categorized into first priority in which the main priority of all 6 ferries is used by 
time estimation during evacuation. Then, the second priority is conducted on different ports. And the last 
priority is using the ferries after the evacuation in Bastiong port shelter. 
Table 2. Ferries Trip for Marine Evacuation 









for 1 trip Trip 
Time Estimate 
for Evacuation 
Sulamadaha 10,254 5 units I 30 minutes 
 
Use 6 ferries and 1 trip 
 
1 hours 30 
minutes 
Bastiong 72,021 36 units II 20 minutes  Use 3 ferries from Bastiong port and 11 trips 20 hours 
Ahmad Yani 64,663 32 units II 60 minutes  Use 3 ferries and 9 trip  Then 3 ferries and 11 trips 29 hours 
Jambula 14,629  7 units III 20 minutes  Use 4 ferries and 1 trip  Then 2 ferries and 3 trips 
3 hours and 20 
minutes 





To sum up, evacuation is running when the activity of Mt. Gamalama increases and releases volcanic 
material. The two types of evacuation routes have been studied here, which are overland evacuation route 
and marine evacuation route. The overland evacuation route will direct Ternate Island Population from 
their residential areas into five port shelters in the island. Five port shelters have been selected because 
they are major ports and shipping routes have been determined by Indonesian Sea transport agency. The 
marine evacuation is doing from shelters to Halmahera Island, Tidore Island and Hiri Island with ferry. 
This evacuation type aims to reduce fatalities during the eruption of Mt. Gamalama because the whole 
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